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FREE-FLIGET INVESTIGATION AT TRANSONIC AND SUPERSONIC SFPEEDS
OF THE ROLLING EFFECTIVENESS OF A L42,7° SWEPTBACK .
WING HAVING PARTTAT—SPAN ATTERONS

By Cerl A. Sandahl
SUMMARY

An investigation of the rolling effectiveness at transonic and super—
gonic speeds of partial—span ailerons on a 42.7° sweptback wing having oL
symnetrical circular—arc airfoll.sections of 10-percent thickness ratio .
normel te the wing quarter—chord line has been made by means of rocket— '
propelled test vehicles. The results showed that with 5° aileron deflec—
tion, the rolling effectiveness decreased abruptly at sbout Mach number
0.90, was reversed between Mach rumbers O0.94% end 1.0, and again became
positive above Mach mumber 1.0. With 10° aileron deflection, no alleron
reversal was obtained. Goo6d agreement with regard to rolling effectlive—
ness was obtained with data from supersonic wind—tunnel tests made at
Mach number 1.9.

TWTRODUCTION

Tn the course of sn investigation of wing-aileron rolling—effective—
ness characteristics at transonic and supersonic speeds being conducted
by the Pllotless Alrcraft Research Division of the Langley Aeronautical
Taboratory utilizing rocket—propelled test vehicles in free flight, a
wing—aileron configuration having a relatively large thilckmess ratio was
tested. The wing tested was sweptback 40P at the quarter—chord line,
had an aspect ratio of h.O, e taper ratio of 0.5, and employed symmetrical
circular—arc airfoil sections of 1O0-percent thickness ratio (NACA 25—(50)
(05)—(50)(05)) normal to the wing querter—chord line. The allerons were
hinged at the 0.8 chord line and extended over the outboard half of the
semispan. Four flight tests were made: +two with the ailerons deflected
50 and two wilth the ailerons deflected 10°, The tests, whichrwere made by
means of the free—flight technique described in referencés 1.and 2, permit
the evaluation of the wing—ailleron rolling effectiveneds over the Mach
number range from about 0.6 to 1.8 at relatively large“ggaLg: The tests
were made during January 1948, \r: N Q.*—":.
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SYMBOLS

b
57 wing-tip helix angle, redisns
Cﬁ drag coefficient based on total exposed, wing aresa of

1.563 squere feet 5
O, deflection of each aileron msasured in plane normal to hinge

line, degrees . »
M Nbch nunber ) _ . - . CL
R Réynolds mumber based on average exposed wing chord of 0,55 foot
% wing-torslional-stiffness parameter o - : -
e angle of twilst produced by m at any section salong wing span

in plane parallel to model center line and normal to wing

chord plane, radians - - -
m . .concentrated couple applied near wing tip in plane parallel to

model center line and normal to wing chord-plane, inch—pounds
TEST VEHICLES AND TESTS

The general arrangement of the test vehicles is shown in figures 1
and 2, Addlitiocansl Information pertinent to the (test vehicles is given
in table I. The wings and fuselage of the test vehicles are comstructed
mainly of wood. The wing—aileron configuration under investigation is
attached to the rearward portion of the fuselage 1n a three—wing arrange—
ment. It should be noted that unpublished tests of three_and four wing
configurations indicate that, with regard to rolling—effectiveness
characterlstics, the interference effects between the wings are negligible.

The wings are stiffened by means of steel plates cycle—~welded into
the upper and lower surfaces as shown In figure 1. The measured torsionsl—
stiffness characteristics of the wings are shown in the curves of figure 3.
The degree of wing torsional stiffness indicated by the curves of figure 3
has been shown By tests reported in reference 2 .to be sufficient to

reduce the effects of wing twisting to’a_negligible smount ,

The teat vehlcles are propelled by a two—stage rocket—propulsion
system to a Mach number of 1.9, During coasting flight following burnout
of the rocket motor, time histories of the rolling velocity produced by




mowams G ’

the ailerons (obtained Wwith '#plrnisdnde’ ré&dic eqiiipment) and the flight—
path velocity (obtained with Doppler radar) are recorded. These data,
in conjunction with atmospherlc data obteined with radiosondes, permit

the’ eva.luagion of %‘f{e ?roﬁlnmr f?éc%iﬁv%‘ﬁtes;gl%&m!’éﬁ “fga%a:f.gga%'r ﬁh{:‘ction

of Mach mumber. The a¥ea¥odliihe B 11 et fé?lic%:é% 5 a15d BhTHEhed
by a process involving the graphic differentiation of the curve of flight—
path velocity egainst jimb'r+~ Therathle;ofw thé! tgptecis indicahed: by, the
curve of.Reynolds. numher{aghinit Machyimmbei Shown' dwr-figurst by bebcomsh
plete descriptioli of ibhen tieckiifuend fEitens in referfencesid @hd®,) Trods
smd eft ot wilguords beouber msw mmencviioe¥id st . mmidoelteh “2 dFIW
ey domh mon Deavteves asw bas #40.0 of 00.0 Fuods mort egpast Tedmum
witaned tema eenzsvijostie ACOURACY.x nosd dotdw +a ,0.f twods od #0.0
iaw apanaviiseSie movells %o Isetever oo molioefteb C0L ditW ,evidisog
banisrdo
The accuracy of the test results is estimated to be within the
PolloWwing 1imltst:iratininoos cotelts—aatw 8 qoleévrb od dwite as al
e—'.can:e*te 75 ,Bdesgs simoansyd J8 maeneviioetts 93 [astevex o Joslduas od
B2 (duetto" 1imltations onimuibl ¥bhstrubticnalshitbmacy)iv molismitRoos:
a1 'ntr_ua s20%-0L ¥d ~V beeqe~dutd (elpasl sedf at betovhaoo aeed sad
%70 (c-( ~worietax ab bedtromeb ets aimed emedl . evplroed "qrud" edF
due to, lmt&u°%%%§§?%%§?& Pacelgh po ekl wd wiotddDr
:-.-'muqa slocumey Ja ampiiselleh [Is % adoemesm atillox eviileog besuboxg
CD".-TI'S.I"'J""E TEWAT L el --;quumb edd pnidsmtiae Yo ¢HLuciITLd odd o gryrapes’
P B ,_._: *afedide tod Jedadd gl oif Yo “sdosy “xddubd noaM edd at
atga; gxits =0T i BlBed :n{gl.[& tnenerg odd to &ilueet edd edalerios od
M & i 6 o ¢ o o o o 5 o o o 2 06 « o 6 o o s o s ¢« s o o o s s +0,005
Tl e wragevidoetYe—malifor edd ab © exlplt at cowode oafA

‘Tt will bechictedjrasspoinited ont! ifrrererahds 1iIehatTewingotalinba>
rela.tively small momsnit tlﬁfdinei‘tia“abbﬁtfthé"i‘-éi]in@@E.Tiémtﬂéﬂ Bhurda—r
B wbswn e-:gv a 2 anaud—hatw odT ,efbsd +neae'xq: sfy nt bonu

senbtarivigt

values of Ep."a%e 50 RBAE-RREeCTRANO] SEOTEBOVEN P dmin

tost vehicles ers experisneing.en,aimont. optimue 248 LAIRE_BAPA1ERS S
and deceleratiqn.ftExcep‘bdroh ahmptxoﬁanéés?rof *P—? withfashesdfberbeas

bor[:r I= *h 19§ T'I .meCT a1 To noldsea
v;hich oG CUT in 'b):bt . %ﬁ} :Sﬁsg gﬂ% 120,:3he, gorregtion
8 estimated tO be W perc 9351 %g Qrspg ey iiigé 3.0

the maximm correction corresponding to the maximum attained rol
acceleration of 100 redians per second squared, adsuming & da.mping—in—

roll coefficient of 0.2, is 10 percent. Thﬁud%'liﬁ Jgaesgg'geg SAeRein. ]a&
3 kA
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RESULTS AND DISCUSSION

The resulte of the present investigation are shown in figure 5 as

curves of % end G, as functions of Mach number .

As shown 1n figure 5, the wing-elleron rolling effectiveness

decreased with increasing Mach number in the Mach mumber range from
about 0.62 to about 0.90 for both 5° and 10° alleron deflections,
With 5° deflection, the effectiveness was reduced abruptly in the Mach
munber range from about 0,90 to 0.94% and wes reversed from Mach number
0.94 to about 1.0, at which Mach number the effectiveness again became
positive., With 10° deflection no reversal of aileron effectiveness was
obtained.

In an effort to develop a wing-eileron configuration which would not
be subJect to reversal of effectliveness at transonic speeds, en extensive
investigation of a semispan model of the wing used in the present tests
hag been conducted in the ILangley high—speed T- by 10-foot tunnel using
the "bump" technique. These tests are described in reference 3. Several
modifications to the orlginal sileron configuretion were developed which
produced positive rolling moments for all deflections at transonic speeds.
Because of the difficulty of estimasting the damping-in—roll coefficient
in the Maech number renge of the "bump" tests, no attempt has been made
to correlate the results of the present flight tests and the "bump" tests.

Also shown in figure 5 i1s the rolling-effectiveness parameter -g%

calculated from static aileron rolling-moment measurements in the Langley
9— by 1l2-inch supersonic blowdown tunnel of a gemispen model of the wing
used in the present tests., The wind—tunnel tegte were mede at a Mach

number of 1.9 and at a Reynolds mumber of 2.2 X 10°, In calculating é%

fram the wind—tunnel results a damping—in—roll coefficlent of —0.31 was
used. This velue is from unpublished work of the stability enslysis
section of -the Langley Laboratory utilizing ‘methods based on the linear—
1zed supersonlic-flow equations. Good agreement exlsts between the tunnel
and the present free-flight tests. C

Langley Aeronautical ILaboratory
National Advisory Cormittee for Aeronautics
Langley Field; Va.
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TABIE I

GEOMETRIC CHARACTERISTICS OF TEST VEHICIES

Total exposed wing area, 8q ££ « o o o o ¢ ¢ ¢« ¢ o o ¥ o o o o 1.563

Aspec‘bra‘bio................;......... aL.,0

TAPOY YBELO o+ o o o o ¢ o « ¢ o o o o o o 6 o o 6 o o 0 o o e 8.5

Sweépback of wing leading edge, deg o e e e e e e e e e e e he."( o -

Sweepback of wing tralling edge, deg . + ¢ ¢ & o ¢ o o ¢ ¢ o & 30.5

Ratlo of alleron chord to wing chord =« « « o ¢ ¢ ¢ ¢ ¢ o o o & 0.20 _

Ratlio of alleron span to wing 8pan « « « « « o o o o ¢ ¢ o o o 20.50 .

Angle between upper and lower wing surfaces at tralling edge Co
measured in plane normal to quarter-chord line, deg . « « . 22.6 o

Angle between upper and lower wing surfaces a;b tralling edge -
measured in plene parellel to test-vehlicle center line, deg 21.7

Moment of 4inertia about roll axis, slug-ft . « « « « « « . . . 0.0556

80btained by extending leading edge and trailing edge to center line of
test vehlcle. ~NACA ~
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Figure 2.- Photograph of test vehicle.
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